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(54) GLUCOSE DEHYDROGENASE HAVING PQQ AS PROSTHETIC GROUP AND ITS 
PRODUCTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a new glucose 
dehydrogenase producible in a mass at a low cost by 
gene recombination technique and useful for the 
determination of blood sugar level, etc. 
SOLUTION: This enzyme is (A) a protein composed of 
the amino acid sequence described by formula or (B) a 
protein composed of the amino acid sequence of formula 
provided that one or several amino acid sequences are 
deleted, substituted or added and having glucose 
dehydrogenase activity. The glucose dehydrogenase 
having PQQ as prosthetic group is produced by culturing 
a PQQ-producing transformed microorganism obtained 
by transforming a microorganism such as Pseudomonas 
aeruginosa with a recombinant vector integrated with a 
DNA fragment containing a gene coding for the enzyme. 
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(54) mmo&mi pQQ&tt^^^t-rs^n-x^tHD^-^^tjt^-roffia^ 



(57) imm 

■ HMD MBl-mM?L&mc£i9s ffinxhTL^fe 

iB*iy»y-pa«ffiSi^^^ «fc 0 p q Q^gti^w 



1 

mmmommi 

[I»**l] WTO (a) Sfctt (b) J| 

( a ) K?iJS • EJIJ## 1 ICIEK* tifcT" 5 / »BWj5p 

sfts^^M 

(b) T^ymmm (a) |C*ftvr, lfcL<fi$tfl<D 

7 5 /mmm^&s wm$> t < «{#o*tifc7 5 y k 

[»** 2 ] ffi^iJS • E?iJ#^ 1 fcfBtt* ti§ 7 5 y 

■f 3^71/3— Xft Fa^— tf 0 
Of** 3] WTO (e) Sfeli (f) tD^y/^S 

( e ) m&m • iBWt 3 tigtg^ ti/c7 3y nera^ 
btt&jtyww. 

(f) 75y»s»<j (e) }c*5^t, ifet<&»D 
7 5 /M&ytf&& siife l < ttf?Hra«nfc7 2 y k 

hi** 4 ] ia?ijg • mi#% 3 tiaR^ns 7 3 y 

t§^n-XTt Koyt-lf. 
Hl**5]. WTO (a) Sfcfi (b) O^/^f? 
T?fc* P QQ£fflft#T8i:-f 5^;l/3-Xxfc: Fay 
■f-^n-FtSJifETc 

( a ) mm • mvm^ i icmmznrcT s.ymmm^ 

(b) T^ym&m (a) t*V"»T, 1 t> L < fitMB® 

7 a y wamwx&s wtfe t < n^r 5 / » 

HI** 6 ] IS?iJ Si • E?«^ 1 {cfem^n^ 7 2 y 

Kraifr 5 ft s * ywm*& § p q q **i t 

[ff**7] WTO (c) ssfctt (d) o^y/^R 
TffeS P QQ£ffi^T^^S?';l/3-Xrfc Fay 

( c ) mm • mwm 2 KBmztiitsiafflfr s * 

SDN A 

(d) ±fB (c) <DW*na3^T, 1 L < fifrtBOig 

Xft Fa y ests** § # 3 - Ft 

§DNA 

[ft** 8 ] mzm • ejusm* 2 icmw&nzimm 

/^-Xft Fa^-if^n- Ft" SitfSTo 
HI** 9] WTO (e) (f) ®*>/<#R 
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P QQ*ffifc#?Sfc-f Fay 

3- K-rsjte? „ 

Ce) E?® • E*J#*3fcK«*ftfc75/W»Jfr 
SftS^y^K 

(f) 75yi?iE?iJ (e) Kfc't^T, lfeb<tt»fflO 

E?iJfre>ft?K ^o^;l/3-xft Fn^Y— 

[»** 1 0 ] G8|* • K?iJ#^ 3 fcB**ti*r 3 
10 /m&nfrt>%:%#yWMT'$>& P QQ^WKft^Wi 
^tS^;l/3-Xft Kn^t-ff^n- Ff 3«{g 
To 

[ff**l 1] WTO (g) gfftfi (h) O*^/^ 
Jl?ifc5 P QQ^ffi^^frs^a-Xxt Fa 

( g ) m$m • E?y#^ 4 icmm^nrcmmmm^ 5 ft 

SDNA 

(h) ±fg (g) OSWtfc^T, 1 L < «i»9^ 

20 Xxb Fa^— t?ffitt*#1-**>7^K*3-HL 
TVSDN A 

[«** 1 2 ] E?iJSi • E?iJ## 4 £Gtt£tlStt£ 
KWfr 6 ft * D N A « P Q Q fcjffcsmij "T * 

[11*31 1 3 ] «** 5-12 ov->-rn*HcfeKo p 

Q Q tt5^;Vn^7ft Fa tf % 

3- F-r§iteT^-&#-rsffl^^^^^- 0 

DR$*14] PQQ^M^^fc-TS^Vs-T, 
Fnyt-if%n- Ft§Slg?%#t? D N AWfr 

[ft 1 5 ] II** 13Sft»14 (CfBKOSIIX. 

^^^-T'PQQ4^ti^#-r§»ti^fiig^bfe 

BMW 16] PQQ«ttfc»?8fc-r*^3-;<, 

*X (Acinetobacter calcoaceticus ) i feL<(J7^^ 
h/^^^- -/^X (Acinetobacter bauraannii ) 

40 mx$> § 11** 1 5 i3tgo««tem 

[ft** 17] PQQ4*ft*#r*m4*^>a- 
F^-fX (Pseudomonas ) S$fcfi7^ F^££- 

(Acinetobacter ) HtR1-§«4»T-feS!l*IR 1 5 
I3tKO^®«* 0 

HI** 18] P Q Q*jfflftfc*1-**£fttf$':i- 
Ft^X • x;l/^V"9" (Pseudomonas aeruginosa) > i> 
i-F^T. • 7;l/^-l^yfe^7. (Pseudomonas fluore 
scens ) ^ i/a— F-tdbX • 7°^^' (Pseudomonas puti 
da) , 7^*F/ i ?^^— • A/l/nT-fc'f-i'JbX (Acinet. 
50 obacter calcoaceticus ) , Tis% Yt^VZ— • /^^T 



3 

(Acinetobacter baumannii ) frS>&§pJ; *9Ml£ 

[It** 19] PQQ^jSMB**^*!***^^- 
F^f X • 7°f (Pseudomonas putida) -p&SM&g 

1 7ism<D»KW*o 

[If ** 2 0] P Q Q^jtmWT *«4*«»7S/* 
h/^^-- A;Vn7tf-{A7 (Acinetobacter calc 
oaceticus ) fe L < fcfcTS^ • /^YX 

(Acinetobacter baumannii ) -e&§lf**l 7fBfc© 

WiSfc 10 

Hf** 21] p q Q*iifc#?«fc-r* ?>p-x 

ft FPf f — l?3^j«ttTf«*m«W 1 9 Sfctt 2 0 
[If** 2 2] P QQ^ffifc^PSSfc-fS^l/n-X 

ft Fa^-f if*a- F"r*ae?«*«rD n awm- 

lg«fe^e» P Q Q^ffi&^iitTS^l/P-Xf t F 
oyt-^lltS^3-XftFnyt~if©l 

20 

[If** 2 3] P Q Qfcttfc^FKfcf 5 :77l/3~X 
ft Fa^t-Wi/* r-/^#- • A;l/37-fef 
AT. (Acinetobacter calcoaceticus ) fcL<ii75^ 
F/^5 ft - , ^')'7yr (Acinetobacter baumannii ) 
**©«ffitoT?*Slt**2 2fBtW;l/P-Xf t F 

[If** 2 4] P Q Q4artBfc*f 
F^fX (Pseudomonas ) JRSfettT^ F/^#— 

(Acinetobacter ) JRtClIf «fR£tt*P% §11**2 3 
te«<D?Vt/3-xf t: FP$*f- «0«S*fc 30 

DW ** 2 5] p q QftMift^r-rs^siw^a- 

F-tf X • x;l/=£/+r (Pseudomonas aeruginosa) , z/ 
a— F€-f X • 7Ml/-yfe>'X (Pseudomonas fluore 
scens ) > S^a— F-tf X • 7°f (Pseudomonas puti 
da) , 7i'*h;^^--M37-l!f'fi)X (Acinet 
obacter calcoaceticus ) , T^F^i'^- • /^<^v 
(Acinetobacter baumannii ) frS&SPJ; t)58W: 
ftfc*£*re**«l#3l2 3E*<D^;V3-Xf t Fa 

[i#**2 6] PQQ&&mzm?mmtfi/zL~ 40 

F^f X • 7°f (Pseudomonas putida) T'feSH** 
2 3B*©40l/3-X7* t Fay^- €O^Jg^fe 

[it** 27] p q Q&mmitm-rzm&m&Ti'* 

Y^*7$~- • A;V37tf-f AX (Acinetobacter calc 
oaceticus ) fe t < &7^#. Y>ty • M^vyx 

(Acinetobacter baumannii ) T?&£If**2 3 131c© 
7*;^-xft FP-^f- «OHJB*fe, 

[If** 2 8] PQQfcffi^i^f §^;l/3-X 
ft Fny-t— tfWmttT-feSIf**2 6 2 7 

^l/n-Xf t F p y-t~e<D8!Jt#8io 50 
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[«t**2 9] PQQ%ffi^?Ki:f§^>P-X 
ft Fp yf — if % GOOD ©If «©#£ETfcS£St; 
*LTfia*f*C fc*W*fc-r*^;l/3-X7* t Fpy 

f— e©sftje<b#ifc, 

[it** 3 o ] *fri/*j*tmtFtsm*m 2 9 ie« 

[fflt**3 1] GOOD©H«^P I PES, ME 

s, mop sfr&$«&M:&stfnfcfHRg'?$sM$ 

*3 0*fett3 1 tfBKO^P-Xf t Fpyf — if 

[It**3 2] PQQfcffifc^PSefcl-S^Vn-X 
ft FP^f ~Hf£ G O O DO«KSO#ftTfc* UK 

nfcy;i/p-xf t FP^f — SIMfto 

[If** 3 3] A;l^> 7 ktfim? 3 It** 3 2 fBfc 
oo^/l/p-xf t Fa^f — ttBAM. 

[11**34] GOOD©««ift#P I PESs ME 
S, MOP Sfr6&«flM:DSl£ftfclMSig?&SII$ 

*3 2 sfca 3 3 ^fsic©^>p-xf t Fpyf— ff 

[fPJf©I¥fffl&M 
[000 1] 

Mtt%mm-&7^~X?'K FPf CUT, G 
DH£few5) > RGDH*3-Ff Site?, IGD 
H%P- Ft§S^ifrit%ffl*3A/uT^§ffl^^^^ 

KfflUx. ^ * * - -p P Q Q £MM*%1r %> m±m 
Cfcfcj:*GDHOlBfi*tt, GDH<D££fo5rife*5 

[0002] 

[$*©Klt] GDH&, 1 9 5 9^t/;V7x-©J. 
G.Hauge fc.fcoT^O^yfb^fcSt^BJlSfcL 
TfgJt£ftfc 0 PQQ (Pyrrolo Quinoline Quin 

one ) y«illf*©fgH<D«fg£ LT, 1 9 79^ 

k * <d\ wm&®&-£ nris d , ^ # / -;mfttt* 

[0 0 0 3] cn6»J<«*ttAl*?SS{**S 

i:, fcAtf N A D«#«7j<««£D i 5 t¥«E)ST 

fcW&TWfflTffe^kSnr^S (I&lil^ Methods in 
Enzymol. H89#, 20 (1 98 2) ) „ 
[0 0 0 4] PQQ^ffl^^ftfcfSgiRtD^Tfftfe 
Wffltt^iS^Oa, PQQfS#ttGDH"c"-$»D, JS&lMO 
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Kfffflf *^;l/3— X**^^— if-^NAD (P) 

ttGDH ttmu ®mm<DBW*%tf%^ct j p, 

[0 0 0 5] ±EPQQ*Hfc#?«fc1-*GDH©* 

(Acinetobacter calcoaceticus ) LMD79. 41 (A.-M. Cle 10 
ton-Jansen5>, J. Bacteriol. , 17 0, 2 12 1 (19 
8 8) fecfctfMol. Gen. Genet., 2 1 7, 4 3 0 (1 9 8 
9) ) , X'>xUk7*3>J (Escherichiacoli ) (A. 
-M. Cleton-JansenS, J. Bacteriol. , 1 7 2, 6 3 0 8 

(1 9 9 0)), ^;l/3//^£- • ttispy* (Gl 
uconobacter oxydans ) (Mo 1. Gen. Genet. , .2 2 9, 2 

0 6 (i99D) »T?***nT*»>* ±mm-e<D%. 

[0 0 0 6] 

BWWWftL *3 ttSil] ftfif&lc J: < HWrSft 20 

tswosnr**), tLPQQ*M*^?*t*r*GD 
r^SGDHL^Htenft^ct^fiienT^ao eft 

&©7^HGDHtt^6PQQ*iPA«Jli:fc«J;»)g 

PQQtt|jaitLTgWfci(S«T?**o litftX 
fr->l/*tt£T07JiW*PS!fc^*tifcV'»i: t& 30 

[0 0 0 7] $fc, Biotechnol. Lett., 16, 12, 1 

2 6 5 (1994) KmmmMMmttmmtm, 

JSMftlCP QQ*Jp*T?!§ttO»«*Da[GDH*4af 
SCt^fg^nTl/^^ Jl©il^fefiffi^PQQ% 
^SfcfflV>5jg.g^§ 0 Mol. Gen. Genet. , 2 

2 9, 2 0 6 (1 9 9 1) fctt, 9f\saSiV?Z— 
* S/ ^ > X © G D H * 3 - F f 5 jg fc? Kr ft* iffr 3 y 

• **i/ftyx&»<Dmim<:w.fr : &?vT'mL 

[0 0 0 8] 

3tl*rSfe»fca^*WLfcli*, P Q Q 

fcf 5 G D H^3- K"T«*e?**OD N Aiffr^ffi 

i&A/e&sffiss*."** ^-t j: <o p q Q%.mm%^tz> 
to£%a*&wm? zcttc&^rm znmmmm. 

GDH%SW§i:t(Cj;oT, g?»CGDH**M£ 
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[0 0 0 9] P QQ£*tfc$HPSs 

fc-ra g d H#n- F-r«3te?**«yD n mw^u 

zftvmmsm*. tern Lxumbtp e> p q q 
smte-r* g d w%wm$%> c k^Fat-rs g d h<d 

[0 0 10] WT© (a) $fc« (b) ©£ 

k Fay-^-— HT'^§o 

( a ) IB^iJ* • IH?iJ#^ 1 fcfB«£jJifc7 5 / «EW3&» 

(b) 75/»E#l (a) fc*V»T, lfeL<tt«fl© 

#f893H\ • E?iJ## 1 £f5*£ft§75/ltE 

^6as^>^^R-pa5SPQQ*ffi^^8Sfrs 

[0 0 1 1] *|§0Jltt, JWT© (e) $fcS (f) ©# 

k Fn^V— t?-t?&3 0 

( e ) E^ja • e?u#^ 3 fctsmztiitr s.;nmmfr 

(f) r^/mmm (e) k^t, it,L<{i»ffl© 
7 5 / WBWfc*, «*& t < tt#in*nfc7 5 /m 

*fg0j5tt, ih^ij* • e?ij#^ 3 n§ 7 5 / mm 
^n-xrt FDy-f— ifes5 0 

[0 0 12] #5SUB8\ WT<D (a) (b) ©# 

>/<*KT?**PQQ**I^^Sli:ir* ^l/a-^T* 

k Foyv— -e«3- F-rsae^-pftSo 

(a) IE?iJS • E?iJ#^ 1 KE«Snfc75y»K?>J^ 

(b) 75/»iB?iJ (a) icfe^T, ltWUSW 
7 5 /®E?U^^, Bftfe L < ti#iP$nfc7 57^ 
EW*6aDx fro^/l/n-xxk Fp^'7— tifStt* 

*5BWtt, E^iJS • E^iJS^ 1 EIE**nS75y»E 

[0 0 13] (c) tfcte (d) 

^^K-efeSPQQSffi^^KkfS^I/n-Xx 

k fp^t— i?«=i- F-r«ae?T?*«. 

( c ) E?iJSl • E?iJ#^ 2 fcB*SttfcttUSEWfr6fc 
§ D N A 

( d ) ±15 ( c ) (DE^Jtfc^T, 1 fc L < ttftfiOtt 
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XxkFpy^-- eJStt*#-r5*^^K*3-Ff 
§DNA 

6«:*DNA**rr*PQQ**i^iH l *fc"r*y;P3 
[0 0 14] WT© (e) Sftii (f) 

y/^ltwfea p Q Q*ffifc#?& t-rs ^vi/n-xx 

( e ) ia^ijg • mm* 3 tf2«*nfc7 ^ / mm** 10 

(f) (e) k*^t, it>L<&$*D 

50* 6 * § * y>Vr 5 P Q Q m$Xft?M tt% 
^3-Xxk Foyt-«*a- FTSif 

[0 0 15] ##gfS«:, J,XT© (g) Sfctt (h) 20 

k Hoy-*—- K-r*3te?T?*«. 

(g) BE?® • iSPJ#^4£|B«£ftfdg«iB?yfrS& 
§'DNA 

( h ) ±B ( g ) OiSMtft^T, 1 t L < 

Xft Fp^— tfjgtt^#t § # >/****3- F L 
A 

-Xrk Fny-J-— Bfta-KWlfifPft*, 
[0 0 16] *f§Bj^ ±BPQQ*l*fc$H l fifc1-* 

■f3ffigl*.^#-t? fe§o PQQ^M^ 
: ?^fr§^;l/3-xf ? kFpy^-€^3-F-rs» 

e?**«yDNAKfrjwii*ai;ti, *opQQ4att6 

[0 0 17] »««: s ±IB©ffi$*.^*-7?PQQ 

§ 0 #5tBJ3tt, PQQ^ffi^?Sfr§^;l/3-xx 
k F p 7i—&fiTi/* YWZ- • #;l/3 7-fe-r-Y* 
7, (Acinetobacter calcoaceticus ) feb<{i7^^-h 
• (Acinetobacter baumannii ) S 

*-e*S±fB»SHsSM*-pfe5o PQQ^ii 
UB«* , r*1*£*#5'a- F^r-f 7. (Pseudomonas ) H 
£fc[£7'>*h^£- (Acinetobacter ) JStMf§ 

[0018] PQQ£s«*ff-rs*£tttf 

i/jL— K-t^X • x;]/4Vlf (Pseudomonas aeruginos 50 
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a) , F^-fX • 7;P^U-yfe>'7. (Pseudomonas 

fluorescens ) , i/jx— Ft^X • 7°f-^~ (Pseudomon 

as putida) % 7^f/^^--A;l/37^f^*X 
(Acinetobacter calcoaceticus ) ^ 7S^ h^^^— 

• /^vy- (Acinetobacter baumannii ) 

9JI4, P Q Q4*tt*<rt"*IR41toyS/a- F*±X ■ 
7°^' (Pseudomonas putida) ?&§±fBfi2jWg$S{*"e 

• A/l/37-bf-i' AX (Acinetobacter calc 
oaceticus ) fcL<f47S'^F.'^£— • 
(Acinetobacter baumannii ) 1?&5±8B©JI5Rfs$!#: 
"PfeSo *H0^tt, PQQ*ffi^^*kf S^;l/3- 
Xxk F n y^-tfj6™ftt-e»*±B»«aW*T?» 

[0019] P Q Q *M*^«E fcf * ^/b 

3-Xxk FP^r--tf£n-F"f£»s?^t?DN 
A»fM-*ffljiAyT?*SfiSl*^^*-T?P Q Q&tt&fc 

t\ f£tg*t!fr S P Q Q£ttfc#?«fcfS^3-X 
ft Fn^t-^SW5^1/3-Xft Fpy^-- 

[0 0 2 0] P QQ*^^«fcf 

3-Xxk Kn^t-€A7i'* YWZ- • #;l/3 7 
•br-f AX (Acinetobacter calcoaceticus ) fcL<W: 
7^M^^--;^vyz (Acinetobacter bauman 
nii ) £*©M£tlT*&3±fB©^;l/3-Xxk Fn$* 
•7— t?©»!ii#&Tfc3o PQQ£St8£W 
■TS^W^a-F^X (Pseudomonas ) fiSfctt 
75/*h/***- (Acinetobacter ) JUfcJR-rSfflffiftl 

[0 0 2 1] P QQ4*S6**-r*«4«W« 

F-t^X • x;l/^y+r (Pseudomonas aeruginos 
a) s ^a-F€tX-7;I/*P>ytyX (Pseudomonas 

fluorescens ) % i/z.— F^X • 7°f-^ (Pseudomon 
as putida) , 7^f/^^-- *;!/37tf-f*X 

(Acinetobacter calcoaceticus ) s 7^^-h^^^^— 

• ; < !')?>'- (Acinetobacter baumannii ) fr> 5 

.J: D»tfftfc«ffittT?fc*±B$W/3-*7 , fc Fpyt 

5W'>a-Htt^ • 7°^^" (Pseudomonas puti 
da) T^§±i5^;l/3-Xxk Fay-?— tfCDSSBg^ft 
T£§o *fgB^(4, PQQ^tl*WT«lR4«S^7S/ 
^-h/t^^— • *;l/37'bf'('AX (Acinetobacter ca 
lcoaceticus ) fe L < &7>'^ h'*& • ^!)YX 
(Acinetobacter baumannii ) "P&5±fB40l'3— Xf 
k FP^— if©9SBfi^rte?fc«o *fgB^K. PQQ% 

-eS5±IB^;l/3-Xxk Fpy^— EtoiBft&ifcTffc 
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[0022] *mm&s p q q %tix#=?m tt% 

n-Xft Foy-j— -- If* GOOD ©«?&©#ftTfc 

-ftftx*%>% 0 GooDcommmffp i pe 

S, ME Ss M0PSfr5ft3g£!>»lfftfc»8RST? 

§o 10 

[0 0 2 3] PQQfcffifcft^&fc-f 3^/1/ 

n-xft F d y-j- — If * GOOD ©H« M©#£Tfc 

5£{ k * nfc y ;V n - x x fc F a y-f—efflfiBftrc? 3i> % o 

FD^— BBjJjMTCSS. *«ffitt, GOOD©!! 
S^PIPES, MES, MOP SA^&*i.p<tDS« 

n/c«^T^§±fe©^3-7.xkFoy±-€iii 

[0 0 2 4] 20 
M©Hii©mi] *fSj8© P Q Q*M*^*fct 

*GDH«3-H-r8ae?*ar«yDNAiffre^ gd 

H *eMM .fc&IISCfctfTSSo MG DH^ftiik L 

x-f-^X, TS^F/S^*— • (Acinetobac 
ter baumannii ) , S/jl— F^&tX • X^I/^/it (Pseu 
donionasaeruginosa) .> S'jl— F'tTX • (Pseud 
omonas putida) .. S^a— • F^&TX • Jfy^lsy -fe^X 

(Pseudomonas fluorescens ) „ >? )\>~a S W • ^" 
*>^X^©IHtfflS^7?P^7xy "7 A • 7i>'* 30 
t%ty ty— (Agrobacteriumradiobacter ) ^ xi/i'Jt 
7 • 3U, *W'>- ' 7 • x-OS>->X (Klebsiella 

aerogenes) ^©JtF%«*^f3C ktfT*#3<, 

7i/*F>^#- • *;Vn7-bx^*Xt,t<tt 
7~>*b^7£- • ^^V^x^WT^ttGDHAWSL 

[0 0 2 5] .KGDH*n-F1-«JiefH:cn5©lB 

**. *6t, PCRjS©fiJfflfcj;D, PQQfcJifca- 
?itt§^l/3-xft Fny-f— t?*e?%^-trD 40 
N a ffit^S d fe RlliT-jfe^o 

[0 0 2 6] ±CGDH*3-Ff*ae?i:LTI4, 
0M*.tf (a) iH^ • SS?iJ#^ 1 KK««nfc75/» 
E?iJfr 6 & 5 * >v \*r K* 3 - F t %> m&?, $ fc it 

(b) 75/IW (a) fcfel^T, lfelXttftfi© 

7 g^t l < awx&tiitT s./m 

§ # KT'fe § p q q **f k -r s 7> 
3-xxt Fay^— if%3- Ff 53te?#W6ft 

§c 50 
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[ o o 2 7 ] $ fe % ( e ) e?ijs • mtmn 3 fcieig? 
nfe75/^E^p.*§^>/^K%3-F-r§ae 

Sfcfi (f) 757^E?iJ (e) iCfc^T, lfeL 

< ttftflor s y me&\iw&, mmt> t < «tt*q£n 
k-r«^;i/3-xf*t fp^x— if* n- F-rsae? 

[0 0 2 8] *5lc, ( c ) E?iJS • E5IJ#^ 2 icGK 

*nfc«asK0^6a*DNA, cd) ±12 
( c ) ©E^j^te^T, 1 1, l < immvimtfK^ 

B&fe L< tttfAnSttTfct), Ao^Vn-xft Fa 
t"t~ tfStt**-r§^y/^K*3-FLTt^§DN 

[0 0 2 9] «(C, ( g ) E?iJSl • fi?iJ#^§ 4 icGK 

*nfc«aa©u*6a*DNA, (h> ±e 

( g ) ©E^J{ta^T, 1 fe L < tittfl4>tt£tfft& 
gUfc b< &{#n£ftT43t>, Fp 
T~T~- tfStt*#lT3 £ 5"<*Jt*3- F-LTV* D N 

[0 0 3 0] *f§BJ3£:}3^T, GDH*3-FT5Mf5 

m%.&7f*bM$- ■ *;l/37-fe7-r*XNCIB1151 

7 ostft^Mt, mmhtdk, »» mmrnrn 

^a#*ffl^TDNA*«Lfcfe©k, U-7-^fg 

tdn a y if— ct vffi-etfflm-g-ttrfflMz.^ 

Kk-r§GDH*3-F-r§ae : ?*^wr§ffi^^ 
[0031] &^t% ±fBffim^-<^ 

Ffsaep^a^fsck^-etSo w*t& ae? 

«##T^§7^F/^^- • A;l/37-tr-r-Y*XNC 
IBH517 ©^feftDNAtt, JM*ttfcttWTOJ;5k:t 

[0 0 3 2] ^a€?^®4^*f!l^« 1 ~ 3 BFb^M 
cft«»«***ci:fcJ:0PQQ«*l*«^* 

t-r § g d Hae?©^wM»^*p®!i-5 c t&x*% 
?gs©7a?SkbTtt, Wx.tfyyf— ah©m®» 

jRfc <t DjflffltfatSn, i^Mtc/SCT7 < 'Pr7-Wl!3 
©»*-^7 «7 'J ;l/SHW" h 'J -7 A ( S D S ) ^©^ffiS 

[0 0 3 3]'±e0±5fcLT#5ftfc*«ttj&»&DN 
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;l/#»7°P r 7~&mmiC «fc § U # 5? 

kt J: Off o c tftT%% a 
[0 0 3 4] $&3»e>#!i, HWSftfcDNAftifflW 

[0 0 3 5] i7D-^>nsl©^i'^-i:Lt(i, 

X5 Ffr6»5?M*JikbT#ilg£ftfcfecD#m 10 
T^5, 77-^fcbTfci, ®l*.fcfx$/xU fc:7 • aU 
Zm^M^ tt%igr&\C ^Lambda gtlO % Lambda gtl 
1 &£#0!la*3ftSo 7*7*5 Ft bT&, 

pBR322, pUCl9 , pBluescript *HWJ^Stl5 e 
[0 0 3 6] ^D-->^©», ±ie©£?&^7#- 

-Df^^ifs c &?L*>m&mv N A 

«£ftDNA§rfr^7£-DNA§TJt££ 
T»*fttf J: < , iUtnil D N A i: ^ 

NAD tfOffiffl t <£ t> D N A frfr 

DN AU if *f ijffl UK**'** Z-ttiimtZ C t 
[0 0 3 7] ^D-r>^cfitliiift|ii: LT 30 

n%v\ — naw^a:, xs/xutT • 3 u 13110 „ xj/ 

x'JtT- 3UC600, xS/xU £7 • 3'JHBIOI , x-> 
x'Jt7 0 U JM109 , x->i U t7 • 3 UDH5 a 

[0 0 3 8] fi±ft£1ttC«ft*.'<**-;fc£A"r*# 

[0 0 3 9] ±BOJ:5t»6nfc»«ll8lft«ri?**|R 
ft 5 c £ k: «fc 9, ^M©gd 

t j; 0 g d H?^*rawfc3gHi-««4**tt«-rntf 

WU A»OGDH«4JiW*llffillI*«Rm«J:V"». 

[0040] ±eo*ttfc «t 0 1# 5 nfc p q q mm® 50 
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? i Mtt%GT)HMm : ?<Dm.mmtit, Science , f|2 
14#, 1205 (1981) £|2«£ftfc^x**:> 

[0 0 4 1 ] ±|BO«t5fcLT > -fig&SftfcPQQ 

1-3 g d H»e?«»rr*ffflJi*'<* 

\^A«\ G D H»e?*fiS^-rsffl 
**^**-fr&*IHll»*P C R&fc j: D G D HMB 
^t?fe§DNA^@lRU fflO'S* 
§ d k t J; 0 S^fcSffiT-t tft5«!W* 

7 AMUfc: <fc 5 n y k°7 > 1- •b;l/fe J f>x u Z F n # 

[0 0 4 2] PQQ£jgtg£frf£tS£%kLTfci, * 
fP^f^A (Methylobacterium) M^©^^/- 
;P«fkttifflS, 7-feF^7£- (Acetobacter ) JSW 
;R3//^£- (Gluconobacter ) lOifll, 774? 
/WrVVL* (Flavobacterium) JI, v^-F^-fT, 

[0 0 4 3] v-a- Ft7~XSiSfflMT-tt, ^a-FW 
7 • x^v-y-, F^T. • -JMXsv^y^ 

S/a-F*7-7 • S 
fc, 7'>*F/^^-Jgilffl®l?ti72/*F/^^- • * 
;l/37-irx-Y*7, 7^h/ , i7^-'M7 , 7yxf% 

[0 0 4 4] iJB«**fcTHHTf**|fflll^^*- 
kbTti, RSF1010 S*(D^^^-feL<ai; ; ?-£DaM 

tfUfflRTflltf^So pKT240, pMMB24# (M.M.Ba 

gdasarian 6, Gene, 26, 273 (1983)), pC 
N40 , pCN60 m (C.C.Nieto &, Gene, 8 7, 14 5 
(1 9 9 0)) ^pTS1137 f^fif«Ct^tSo * 
fc, pME290^ (Y.Itoh&, Gene, 3 6, 2 7 (1 9 8 
5) ) , pNIlll, pNI20C (N.Itoh5, J. Biochem. , 1 1 
0, 6 14 (19 9 1)) fc*!|fl!-e#*o 

[0045] Ti/Zhrttz-mim-ett. pwm43 m 

(W. Minas 6>, Appl. Environ. Microbiol. , 5 9, 2 8 
0 7 (1 9 9 3)), pKT230, pWH1266 « (M. Hunger 
5, Gene, 8 7, 4 5 ( 1 9 9 0) ) &*i?#—tLr 

[0046] BKmm^&z^m^fDim&m 

[0 0 4 7] tgtfiO^MiikbTti, m±<&B<D®mfcW 
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m<mm%:m.m<t-£VBx*$>m& < , mm. 9^~ 

*att7;v*uattfta^«<«ffl*n*. *© 
v>wil fMmm, mstm, tu^y 

7 A, AD* A, & v>#y, Etta£©ttS& 

ft£o 10 

[0048] j«w u g d n^mt « 

#f *«4*©«*, ffSb<B20~42 °CS«7& 
K»6aiK:»r*liWH«jiW-6 o Taa^Bt«**S7 

-rn«£<, wi 2~7 2i*mis*-e*a. ig%© 

fftL<ttpH6. 0~9. 0gg<D«BT?& 
CO 0 4 9] *B*i1'OGDH*ft*r*«#«*ttS 20 

^^©ssspixu ?ijffl-r§ctfe-et§*\ -is 

KB, «S«oT, G D Htfigmmmcft&tZM'B! 

«ft$Hi*£teJ:iK GDH«*»«fcllffi» 
•ftfc**»L;fcttfc5RIffl*ftSo G D HftW*l*l£# 

M%E<D^MK&mmwmu ^x\ cent* 

««77&3:/c«: U V7-A& H©ifitW75/&7*I 
IKfflSttffl*»taLT G D H^nfiSfbU LT 

#KflSR-rSo 30 

[0 0 5 0] ±m<D£5KLXm i btlfcGDHS1imm 

a, timi-bWh-frzcDimmm, tozwmM&f 
mm. mz.it* $;-)\>, x#/-;k r^vyftz 

* v 7;i/5 Mija e\c£% 9fr%m, mm * 

£ftfc GDH%H5c:£:tfT*£3o 40 
[0 0 5 1] W*fcf, -fe77x'y7X (Sephadex) 771/ 
(7r/l/7^7/Vftf^) fc2ffc:,i:5y;l/3jfl, DE 
AE-fe7 7P-XCL-6B (7r;W->7/Wtf^) > 
*^7;Mz7 7 0-XCL-6B (7r;l/-7i/7;^^f 
*) H©AvA^avh^7- ) '-fc<J;D^SI, fftSI 

^ mmm (sds-page) mcw-^v^yvz 
Tr^mmm it £ nx ^&cthw%Li>\ 
[0052] ±m<o&oKhx% tbtifcmwmm*. m 



WWW- 1 1 -2 4 3 9 4 9 
14 

MtLxwmz&zzttmmx&Za *©s& tmon 

JStt U h U ;MnMMIflft> GOOD (DMffi 

©ttGOOD©fflBffit?*t), &fr7fe, PIPES, 
MESfeKSMOPS U\, £ fc, 

US»-fF<Z>75/SJg, Se.tlftljf7;l/7* 
[0 0 5 3] *3SB0PQQ*Mfc$W:*-*GDH«D 
7;l/ny 5 £ h >+3B7c3!*?g£tt 

»i$£tt : li) 5 0 °COT ( p H 7 . 5 , 3 0 £f B «I) 
pHS^tt:3. 5~8. 5 (25°C, 1 mWlWM) 
MMMg:|<I4 0°C 
S3! p H : 7 . 0 
: 5 0 0 0 0 

[0 0 5 4] *SSWtfe^T % ffifc^FSSfcf 3GDH 
[0 0 5 5] <UM> 

5 0mM PIPES WMW. ( p H 6 . 5) 
0. 2mM PMS 
0. 2mM NTB 
3 0. 6mM 9)\>rx—7s 
0. 1 9% HJ h>X- 1 0 0 
[0 0 5 6] <PJS*ff >±IBM^fI?t 3 m 1 £ 3 7 °C 

■wfi5#^«naMfc o. i m i (Dmmmmta^ m 

W-t? 5 »BIE»b» ^CiSiBfflP^ 5 l »M*fe t) 

So ±t2*frT* 1 iJ-BBt 1/2/tmol ©^;l/Tif > 
«4«r«iH«l#tt (U) kf*. 

[0 0 5 7] 

Tis^YWZ— ' *;l/n7-fe7-r*XNCIB11517 ©^ 
ft#DNA«*©*j**t?^Mitfc. 10 0ml 

©LB igfifiT? 3 0 °C, -WJSi: 5 ig* bfett, it^H 
(8 0 00 rpm, 1 OiMB) KJcOilMbfc. 2 0% 
S/i-^D-X, 5 0 mM h U */aflMHMS (pH 
7. 6), ImM EDTA%t«l5mltli 
L", lmlO/nf-ft- lfK^?g (1 OOmg/m 
1 ) ^i!P^T3 7°C, 3 0#i!8«U ^l/^T\ 1 m 1 
©l 0%v^D7;b-9-;bn-»7MJ^A^^i!)nA 

[0 0 5 8] JJBfcKfcJWC^DDJivW* -7x7- 

( i : i ) %in^, »tl^b, l o o o o r P 
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X#T*(0o < t)«#L&#5 D N A£#9X#fc#ttt 
j^TiMlbfco Cti^lmM E D T A ^t^huti V U 

7,/mmm. ( p h 8 . o ; wt, t e t wre-rs) 

^/-;l/%Anx.T, ±!5#&-eBfiDN A &#KtU 2 
mlOT ETMULfto 

[0 0 5 9] H»y2 : PQQ£M^?*t"f SRTjg 10 
1tGDH%3-K-rs MB^^t^> D N A Sffr Rtf 

n a kk-*** z-cowm 

1 TWc D N A 5 p g Hf|Sau3AI (S^«6 
IMRO ■WWiMMPPU 2kbpfi<±olffrfcLm Ba 
■HI ONHfiMH) T^lfTbfcpBluescript KS(+) 1 p 
g £ T 4 DNAU if (£&$&KBD 1 1 6 

°C, 1 6B$iSKJ&SH2\ DNA«3bfc 0 iKSbfcD 
NAttx5/xU E7JM109 h-fe/l/ GfcPMfi 

m ftffli^TjemaftLfc. ffffltfcDNA 1 p g s 

It 0 » 1 0 5 n a x-tftf 6 nfco 20 

■ CO 0 6 0] ff6tlfe3D— — 14 5 0 p g/m 

17y\£fV y^hti L B ijfflnf 3 0 °C, 2 4 «mwt 

Q%ffl}^^«fc-rSGDH4g**mtHbfco' &tf# 
<£M*rr§7^X5 Kfcfiifa8 k b pOWXDN A*<# 
SbTfcD* ^7°v7.5H*pPGHl fcbfc. 
[006 1] 1£7°57, 5 F D N A 5 /t g ^fffllllifilMboI 

i mwwmm vwmLTTtfu-x'ffrwn.mm* 
ntti\ RRSttGDHae?**&«*»i. 9kb© 30 

WfrfciBDtBLfc. *SbfcDNAi:EcoRV 
S) T»^3BfbfcpBluescriptKS(+) 1 p g fc£T 4 D 
NAD tf 1 1 6 °C, 16 BMBEfcS*, D N 

A *38fi bfc„ bfc D N A ttxi/i U 7 • n U JM 

109 <Duy\£f-y ht;i*m^T&mm*ft^rc 0 m 

&tlfenp--ctJlcGDH»{g?^#t-57°5X5 F* 
Wf&nnx-^jtttiU K7°^X5 F%pPGH2 

bfCo 

[0 0 6 2] HSI0IJ3 : %MW$\(0®fe 
pPGHZ OffXDNAOffrlCO^TWSlCffiK fU-'> 40 

&KU\,\ 'y—tryi/yi? • 4^ h- (Radioactive Sequ 
encing Kit) (JgPISffS) */B^TifiSE?!l*ft£b 

Sg&K©^*t4l?l5 2 8 0 7^*h/^ 
^-•*;l/37-fe-ri'*XNCIB11517 (DGDH©5)fi 
i:Si£-&bfco 

[0 0 6 3] HMU4 : 7f* F^£- • 
JCM6841 ORT»ttGDH©«IHSIJOft« 50 
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7*>*hA££— • ^7V7.=.JCM6841 CD^fefrDNA 

$*ft0o 1 1 mmmmx^m u p q q *ffix»?« 

fcf* RfitttG D H^n- b'tsmmttttts D N 
A W frRtfR D N A W **f « Ifflft * * - OWH 
£«ft0U 2 tUtit^fflU 87 Kb p<D}f AWJtfcS 
-f3pPGH6 mmhfco M7°7X5FJ;DGDH^n- 
Ff**fi?*d*f SDN AirJt*#*T4 kbODN 
AlfrttStiD, +WD--7?'LTpPGH7 

[0 0 6 4] pPGH7 OjfAPNAKfrfcO^T* 

t u - s/ a y s a - * y v %mw. b fc 0 m% <d 
vy'tu-yi£nmzm\ -y-^y-yyif • *v h 

(Radioactive Sequencing Kit) (MftffiBM) %F8^ 

mmmmmm^ 3 * * tf 4 tcm-m o t?*s 0 757 

MEMfr&*A&ft*«eH©4fr?*H:»5 3 0 0 0? 
7^*h/^*- ■^7T>'-JCM6841 OGDH 

[0065] mmm 5 •. i/^-Y^i-xmmm-vw.m^ 
mmm 3 vmrcy'yx^ f d n a 5 p g ^MREOHKBad 

I *«fc«XhoI OR^RWRO T^JifbT, GDHMfs? 
«frtJ««l. 9 KbcD8ffit*#tJDNA^*||bfco 
*gtbfcD N A £BamHI *J:tfXhoIT?«(ff bfcpTS1137 
%l/igt£T4 DNAU^f— tr'imfuTl 6°C, 1 
6B#W®S£#, DNA^aagbfco jeBbfeDNAtt 
x-7xU t7 • 3UDH5 a^y^y Y^)^m^X 
&K$M%ft o fco ff 5 tlfc 3 o - - cp G D H «{5? 
^WfS^^X? H*frf«3ar-*IfflU K77 
X5 F^pGLD3 t^Lfco 

[0066] mrnme : 7-7^ £-s«7ns 

3 ?1f7c7°9X 5 FD N A 5 p g %$iJPl^«MboI 

i oKi^em!) ?«bT, GDHjte?*-&tffi* 

1 . 9Kb OBffr *^-tr D N A b/c„ bfc D 

n a tMsci mmmmm) T«bfc P wHi266 %i p g 

il^T4 DNAU b" 1 *&7- 16t, 16 B#p B !S 
JS*«, DNA%3S|gbfco IMSLfcDNAtiXS'xU 
H7-3UDH5 oOa^lf^s/Hr/I/ftffl^TJPJMfai 
^tfo/cc #6nfcrip--^tGDHjll5?% ; S-r§ 

pGLD4 fc^bfeo 

[0 0 6 7] IrkKfiJ 1 : U H7 • n UfeWlgl 
^Mfd 3 7i#fc TvX 5 F D N A 5 p g %Mmi9lboI 

i (Mwmmm) x*wmLT, GDHmm^^ts&i 

1. 8Kb©»ffr*^tyDNA**Kbfc. mUbfcD 
N A i:EcoRV T?^l0rb;fcpBluescript KS(+) 1 ngt% 
T 4 DNAU #-4? 1 ¥fiT? 1 6 °C, 16 B*IHK(5S 
■ft, D N A^USLfto aSBLfcDN Atti*>i'Jt7 
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• 3UJH109 (D-ty^yh^j^FS^xiBK^mmj 
ofc 0 »6ftfc3n--(ffcGDH*ep**rr*:/5 
Fftfrrsaa^-ftjatUU ^7°9X5 FfcpGLD 
5 t#^Lfc 0 

[0 0 6 8] tbiK^Q 2 :x5/xUt7-3UJM109 / P G 
LD5 ^eOPQQJfeffi^^Slfc-rSGDHtoaiit 
Terrific broth5 0 0ml§2 L7v7.3fc^U 1 
2 1U 1 5#HM— r-*b-7#frl#\ ttftffc 
*M5j1L/c5 Omg/m 1 TyWWO. 5m 1^ 
SfclLfci »!(M6fcLB*iftT?^J6, 3 0°C, 2 4 8*181 10 
fifc5#*Lfcx5/xyk7 • 3UJM109 / pPGLD5©i§ 
115ml mm U 3 7 °C-e 2 4 B#P B « ig* L 
fro tmmTmV) G D HStt«3$ 0 . 3 4 U/m l T*$> 
■ofr 0 -7a, ffiftlJ^MUfC lO^molcDPQQ^gs 
jbDtfc SttiJ^-TS £ 1 2 0 U/m 1 Tf&ofc. 

[0069] wmi ■ PQQ*arti**i-*«4*o 

^a-KttX • 7°f-#'TE3493 (ttUtff* 1 2 2 9 8 

§LB Gigif (L B±gifi+ 0. 3 -trP-;V) 
T?3 0°C, 1 6B#Mig*U jtisrfMI ( 1 2 0 0 0 r p 20 

fc3 0 0mM'>a-^P-X^5mM R-'J>I 

( p H 7 . 0 ) 8ml Lfco 
ffft&ft&lt ( 1 2 0 0 0 r prru 1 0#W) £ A DS 

-7m5mM K-VymWmm CpH7. 0) 
0. 4 m 1 *jbn* % Bft^SiPLfCo 
[00 7 0] ttimfc&iffl 5 Tl#fc7°^7,S FDN 
A (pGLD3 ) 0. x^hnt'-l/-> 
3>ffifcJ;D#|ME*Lfco 5 0/ig/mlXhly7h 30 
v-rs/y&#A,£L B««ifc4*bftaD~-J; t), P 
Q Q*ffifc#?S£ I" 3 RfiStt G D HStt^^-T * £ D 

[0 0 7 1] mmc, ±!2pGLD3 *fflV>T % S/a-K* 
7X • 7^^1126*. i/a.- V^+X • x/l^V^PA 
01162 m. J'a— H*** • 7;l/#l/yfe:yxiF012568 

[0 0 7 2] Sfc, Tis*h/W#— • iu\>=iy*zf-<( 
#7>NCIB11517 £L BigitiJT3 0°C, 1 6R$|ffl*g*U 

( 1 2 0 0 0 r pnru 1 Oflflfl) K «t D 40 
EHKU CO«{*:fc3K»bfc«l*8inl*iiQA^ tttt 
^KLfco BASt&ftlt ( 1 2 0 0 0 r pm, 10ft 
?$) £«fct>Sli{**lH|iKU mMWlzi 0%?U-fea-;l/ 

0. 4 m 1 £ita7L Bf**J8S!Lfco 

[0 0 7 3] «I$5 0 (i 1 t*JIW6T?fffe^5^ 
5 KDN A (pGLD4 ) 0. 5|ig*te, xl^r-ntf 

5 0fig/ml *^gL BSttxtLft3D.--J; 
PQQ -T 3 RTSMt G D H Sft f 

1. ^n->'^#fc„ 50 
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[0 0 7 4] HMD 8 : m^fdBmmWKX^Q D 
HS«388«©Jt* 

* wj 7 r*t# 6 nfc 5 m<omwmw. nam 2 5 
tifcB«mmfo3s&xfttmt vwz- • * 

;b37-fe7-YAXNCIBH517 ^Terrific broth 5 0ml 
(1. 2%#y^hX 2. 4%if«X^X, 0. 4 
%N a C K 1 7 mMKHi PC , 7 2mM Kz H 
PO« , pH7. 0) -e3 0°C, 2 4fl#Hig*U j&fr 
ftg (1 2 0 0 0 r pra, 3#M) fcJ:D«**HlKL 
fro 1 mMCDC a C 1 2 tthM 5 0 mM h V 

p h 7 . 5 tcim smc * 0 n 

WWmhfro &Mm ( 1 2 0 0 0 r pm, 5#H) 
KJ:oTlW*8l;£*l**Ufc, S8£ft£ff!Sl& GD 

[0 0 7 5] |||9 : ^a-Ftf-T. • 73^"TE3493 
/ pGLD3 BO P Q Q *4f^»?flE f i> G D H <DtBfi 
Terrific broth 5 0 0m l%2L77X3tMU 1 
2 1°C, 1 5#HM--h*l/-7 , *ffV\ »^ WM 
M&ZffihfrSOmg/mlXhU-fh-V'fi/yO. 5 
ml^gHratfco KJgttfcLB^ift-p^ 3 0°C, 2 
4 itP^gi: 5±g*L7c^M!l 7 T'ff fetlfcJ'a- F^ 
X • 7°f-^TE3493/pGLD3 CQlg*?l5m 1 %g«L, 3 

7 °ct- 4 8 mmmmmmmhfro mmmmv gdh 

Stttttt 4 5 U/m 1 Htb-ofro 
[0 0 7 6] ±IB»f*%3S^®CT*BL, 2 OmM 
U p H 7 . 0 KjRffl Lfco SMf«SfS^ 

71x^f-7°bXT«^ »&iMl*fflr\ ±««*a 
H*« LTlffco iSffl^*rg^4-° U X5 1 1/^ 5 >K 

f-y^XG-2 5 (7r;W>>7/W^7^) fc«fesy 
;l/5Jg£J:DKlU CM'b77n-x (7r;Pv>'7 
^•Y^-r^) , 7x^M7 7n-x (77;Pv^7/ ( ; 

[0 0 7 7] ±IB©73^£ctl9t#e»nfcGDH®p a B «« 
HtSclft (SDS-PAGE) WKS^m-O/^ F*^ 
U COlSOj±?Stt{4ft2 1 0 0U/mg-^>/^K 

[0 0 7 8] WTt, ±IB*ifeK:J:D1»6nfcPQQ« 
G D HCDttK^fo 
fFffl : D-^";l/n-x + AI«?SS{* -> d- 

lig^tt : ft 5 0 "CJKT ( p H 7 . 5 , 3 0 ^IBSIBD 
pH^5£tt:3. 5-8. 5 (2 5°C, 1 ettMUl) 
SSrgg : ^ 4 0 °C 
SMpH : 7. 0 
frHk ■ 5 0 0 0 0 
[0 0 7 9] ±B<r#*»D^«k:T*»U, 2 OmM 

y^mraffi (pH7. o) tsfstfco tmwmmm 



(11) WfflPFl 1 -2 4 3 9 4 9 

19 20 

mmmmtLxmco mmmw.^t'v^i'y^iy *<opqq#*et % 3 7°c, lPtH^y^a^-hL/c 

K«fc5B^»^feJ;tfBtS^ilJ!lBI*ffofe^ *7 & itStt£iltlj£Lfc#, 1^4 6 OU/mg-^y/^ 

$*;1/3iifc:J:!>BBau CM-fe77n-x (77/Vv> [0 0 8 l] HSS0II1 0 : GDH©|fr*{fc 

7/W*f^) , 7x-;l/t77n-X (7r;Wi/7 lmM<DCaCl 2 i)J;[fBSA (GDH1. 0£ffi$ 

«U «taf*#i&£f#fCo 9 0G D H*SDBfa»Lfc^ 3 7 ICfcfcttS G 

[0 0 8 0] «t D#&nfcG DHgp D p(im DHJSttOja#tt*il8SLfeo 2 fcwf. 

»1 (SDS-PAGE) «tC{a^*-©/^K*^U [0 08 2] 

C©|S<DJtJgtttt*«I8 5U/mg-^y/^ST'feo 10 [* 1 ] 
fc„ COIfH^ 1 mMOC a C li *5<fctfl 0/x mo 1 * 



[0 0 8 3] 





Jg*»aS (U/ml) 


P. putida TB3493/pGLD3 


4 3 


P. put i da TN1126/pGLD3 


2 6 


P. aeruginosa PA0I 162/pGLD3 


3 0 


P. f luorescens lF012568/pGLD3 


2 7 


A. calcoaceticus NC IB1 1517/pGLD4 


2 2 


B.coli JM109/pGLD5 (Jfc 2 ) 


0.23 


A. calcoaceticus NICB11517 


1 . 6 



«f « 


(%) 




3 7 °C. 301 


h U Xi&&?, P H 7 . 5 


9 8,6 


3 8. 8 


PIPES, pH6. 5 


9 9, 8 


10 1 .0 


ME S, p H 6 . 5 


10 2. 0 


9 9. 6 


MOP S, p H 6 . 5 


9 9. 2 


5 2. 4 


HEPES, pH7. 0 


i 0 1 . 0 


2 8. .3 



[0 0 8 4] ?i±-^^^-^fiJffl-r§3ie^I^TOcJ;D, P 

KStifc. PQQ^S*B**f 50 ^«fc-r*GDH3!tftffllc»*J:<ftart-«Ct3!^ 



21 

[0 0 8 5] 

DERIS] 
iBWf: 1 
K£iJ0fi£ : 4 8 0 

E8I 



Met 


Asn 


Lys 


His 


Leu 


Leu 


Ala 


1 








5 






Leu 


Phe 


Thr 


Phe 


His 


Thr 


Ala 








20 








Gin 


Phe 


Ala 


Lys 


Ala 


Lys 


Thr 






35 










Ser 


Asn 


Leu 


Asn 


Lys 


Pro 


His 




50 










55 


lie 


Trp 


Leu 


Thr 


Glu 


Arg 


Ala 


65 










70 




Val 


Ser 


Gly 


Ser 


Ala 


Lys 


Thr 










85 






Asp 


Ala 


Asp 


Gly 


Gin 


Asn 


Gly 








100 








Phe 


Lys 


His 


Asn 


Pro 


Tyr 


He 






115 










Lys 


Ser 


Thr 


Asp 


Lys 


Glu 


Leu 




130 










135 


Thr 


Tyr 


Asn 


Lys 


Thr 


Thr 


Asp 


145 










150 




Ala 


Gly 


Leu 


Pro 


Ser 


Ser 


Lys 










165 






Gly 


Pro 


Asp 


Gin 


Lys 


He 


Tyr 








180 








Gin 


Leu 


Ala 


Tyr 


Leu 


Phe 


Leu 






195 










Gin 


Gin 


Glu 


Leu 


Asn 


Ser 


Lys 




210 










215 


Leu 


Arg 


Leu 


Asn 


Leu 


Asp 


Gly 


225 










230 




Asn 


Gly 


Val 


Val 


Ser 


His 


He 










245 






Gly 


Leu 


Ala 


Phe 


Ala 


Pro 


Asn 








260 








Pro 


Asn 


Ser 


Asp 


Asp 


Glu 


He 






275 










Gly 


Trp 


Pro 


Asn 


Val 


Ala 


Gly 




290 










295 


Ala 


Asn 


Tyr 


Ser 


Ala 


Ala 


Thr 


305 










310 




Gin 


Asn 


Gly 


He 


Lys 


Val 


Ala 










325 






Glu 


Trp 


Thr 


Gly 


Lys 


Asn 


Phe 



(12) KfflPFl 1 -2 4 3 9 4 9 
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* h#D*;- : jgfftt 

mrnvmrn • ssk 

IBM 

£«B* : 7i/*W$- ' *;P37-bf-< *X (Acin 
etobacter calcoaceticus ) 









: N 


C I 


B 1 


1 5 


1 7 




Lys 


He 


Thr 


Leu 


Leu 


Gly 


Ala 


Ala 


Gin 






10 










15 




Phe 


Ala 


Asp 


He 


Pro 


Leu 


Thr 


Pro 


Ala 




25 










30 






Glu 


Asn 


Phe 


Asp 


Lys 


Lys 


Val 


He 


Leu 


40 










45 








Ala 


Leu 


Leu 


Trp 


Gly 


Pro 


Asp 


Asn 


Gin 










60 










Thr 


Gly 


Lys 


He 


Leu 


Arg 


Val 


Asn 


Pro 








75 










80 


Val 


Phe 


Gin 


Val 


Pro 


Glu 


He 


Val 


Ser 






90 










95 




Leu 


Leu 


Gly 


Phe 


Ala 


Phe 


His 


Pro 


Asp 




105 










110 






Tyr 


He 


Ser 


Gly 


Thr 


Phe 


Lys 


Asn 


Pro 


120 










125 








Pro 


Asn 


Gin 


Thr 


He 


He 


Arg 


Arg 


Tyr 










140 










Thr 


Phe 


Glu 


Lys 


Pro 


He 


Asp 


Leu 


He 








155 










160 


Asp 


His 


Gin 


Ser 


Gly 


Arg 


Leu 


Val 


He 






170 










175 




Tyr 


Thr 


He 


Gly 


Asp 


Gin 


Gly 


Arg 


Asn 




185 










190 






Pro 


Asn 


Gin 


Ala 


Gin 


His 


Thr 


Pro 


Thr 


200 










205 








Asp 


Tyr 


His 


Thr 


Tyr 


Met 


Gly 


Lys 


Val 










220 










Ser 


Val 


Pro 


Lys 


Asp 


Asn 


Pro 


Ser 


Phe 








235 










240 


Tyr 


Thr 


Leu 


Gly 


His 


Arg 


Asn 


Pro 


Gin 






250 










255 




Gly 


Lys 


Leu 


Leu 


Gin 


Ser 


Glu 


Gin 


Gly 




265 










270 






Asn 


Leu 


Val 


Leu 


Lys 


Gly 


Gly 


Asn 


Tyr 


280 










285 








Tyr 


Lys 


Asp 


Asp 


Ser 


Gly 


Tyr 


Ala 


Tyr 










300 










Asn 


Lys 


Ser 


Gin 


He 


Lys 


Asp 


Leu 


Ala 








315 










320 


Thr 


Gly 


Val 


Pro 


Val 


Thr 


Lys 


Glu 


Ser 






330 










335 




Val 


Pro 


Pro 


Leu 


Lys 


Thr 


Leu 


Tyr 


Thr 



(13) ttNPF 1 1 -2 4 3 9 4 9 

23 24 





340 


345 










350 






Val 


Gin Asp Thr Tyr Asn Tyr Asn 


Asp 


Pro 


Thr 


Cys 


Gly 


Glu 


Met 


Ala 




355 360 










365 








Tyr 


lie Cys Trp Pro Thr Val Ala 


Pro 


Ser 


Ser 


Ala 


Tyr 


Val 


Tyr 


Thr 




370 375 








380 










Gly 


Gly Lys Lys Ala He Pro Gly 


Trp 


Glu 


Asn 


Thr 


Leu 


Leu 


Val 


Pro 


385 


390 






395 










400 


Ser 


Leu Lys Arg Gly Val He Phe 


Arg 


lie 


Lys 


Leu 


Asp 


Pro 


Thr 


Tyr 




405 




410 










415 




Ser 


Thr Thr Leu Asp Asp Ala He 


Pro 


Met 


Phe 


Lys 


Ser 


Asn 


Asn 


Arg 




420 


425 










430 






Tyr 


Arg Asp Val He Ala Ser Pro 


Glu 


Gly 


Asn 


Thr 


Leu 


Tyr 


Val 


Leu 




435 440 










445 








Thr 


Asp Thr Ala Gly Asn Val Gin 


Lys 


Asp 


Asp 


Gly 


Ser 


Val 


Thr 


His 




450 455 








460 










Thr 


Leu Glu Asn Pro Gly Ser Leu 


He 


Lys 


Phe 


Thr 


Tyr 


Asn 


Gly 


Lys 


465 


470 






475 










480 


: 2 




* 


mm 




















4#J 


* : 







[0 0 8 6] E?iJ#^§ 
E5U©fi* : 1 4 4 3 

lB?O0§y : $M 20 etobacter calcoaceticus ) 

h#cis>- : tmn. 

BE^JCDffiSf '• f J A D N A 







: N 


C I 


B 1 


1 5 


1 7 






ATC 


ACT 


CTT 


TTA 


GGT 


GCT 


GCA 


CAA 


48 


He 


Thr 


Leu 


Leu 


Gly 


Ala 


Ala 


Gin 






10 










15 






GCA 


GAT 


ATA 


CCT 


CTG 


ACA 


CCT 


GCT 


96 


Ala 


Asp 


lie 


Pro 


Leu 


Thr 


Pro 


Ala 




25 










30 








AAT 


TTT 


GAT 


AAA 


AAA 


GTG 


ATT 


CTG 


144 


Asn 


Phe 


Asp 


Lys 


Lys 


Val 


lie 


Leu 





20 



35 40 45 

TCC AAT TTA AAT AAA CCA CAT GCT TTG TTA TGG GGG CCA GAT AAT CAA 192 

Ser Asn Leu Asn Lys Pro His Ala Leu Leu Trp Gly Pro Asp Asn Gin 
50 55 60 



ATT 


TGG TTA ACC GAA CGT GCA ACT 


GGC 


AAA 


ATT 


TTA 


AGA 


GTA 


AAT 


CCT 


240 


He 


Trp Leu Thr Glu Arg Ala Thr 


Gly 


Lys 


He 


Leu 


Arg 


Val 


Asn 


Pro 




65 


70 






75 










80 




GTA 


TCT GGT AGC GCG AAA ACA GTA 


TTT 


CAG 


GTT 


CCT 


GAA 


ATT 


GTG 


ACT 


288 


Val 


Ser Gly Ser Ala Lys Thr Val 


Phe 


Gin 


Val 


Pro 


Glu 


He 


Val 


Ser 






85 




90 










95 






GAT 


GCT GAT GGG CAA AAT GGT TTG 


TTA 


GGT 


TTT 


GCT 


TTT 


CAT 


CCT 


GAC 


336 


Asp 


Ala Asp Gly Gin Asn Gly Leu 


Leu 


Gly 


Phe 


Ala 


Phe 


His 


Pro 


Asp 






100 


105 










110 








TTT 


AAA CAT AAC CCT TAT ATC TAT 


ATT 


TCA 


GGC 


ACT 


TTT 


AAA 


AAT 


CCA 


384 


Phe 


Lys His Asn Pro Tyr He Tyr 


He 


Ser 


Gly 


Thr 


Phe 


Lys 


Asn 


Pro 






115 120 










125 










AAA 


TCT ACA GAT AAA GAG TTA CCT 


AAT 


CAG 


ACG 


ATT 


ATT 


CGT 


AGA 


TAT 


432 


Lys 


Ser Thr Asp Lys Glu Leu Pro 


Asn 


Gin 


Thr 


He 


He 


Arg 


Arg 


Tyr 





130 135 140 



25 

ACC TAT AAT 
Thr Tyr Asn 
145 

GCA GGT TTA 
Ala Gly Leu 

GGT CCA GAC 
Gly Pro Asp 

CAG TTA GCT 
Gin Leu Ala 
195 

CAG CAA GAG 
Gin Gin Glu 

210 
TTA CGC TTA 
Leu Arg Leu 
225 

AAC GGC GTA 
Asn Gly Val 

GGT TTA GCA 
Gly Leu Ala 

CCA AAT TCT 
Pro Asn Ser 
275 

GGC TGG CCA 
Gly Trp Pro 

290 
GCA AAC TAT 
Ala Asn Tyr 
305 

CAA AAC GGG 
Gin Asn Gly 

GAA TGG ACT 
Glu Trp Thr 

GTA CAA GAT 
Val Gin Asp 
355 

TAT ATT TGC 
Tyr He Cys 

370 
GGA GGC AAA 
Gly Gly Lys 
385 

TCT TTA AAA 
Ser Leu Lys 



AAA ACT 
Lys Thr 

CCG TCA 
Pro Ser 
165 
CAA AAA 
Gin Lys 
180 

TAT CTG 
Tyr Leu 

CTC AAT 
Leu Asn 

AAT CTG 
Asn Leu 

GTG ACT 
Val Ser 
245 
TTT GCC 
Phe Ala 
260 

GAT GAT 
Asp Asp 

AAT GTA 
Asn Val 

TCG GCA 
Ser Ala 

ATA AAA 
He Lys 
325 
GGT AAA 
Gly Lys 
340 

ACC TAT 
Thr Tyr 



ACA GAT 
Thr Asp 
150 

TCA AAA 
Ser Lys 

ATC TAC 
He Tyr 

TTC TTA 
Phe Leu 

AGT AAA 
Ser Lys 
215 
GAC GGC 
Asp Gly 
230 

CAT ATC 
His He 

CCA AAT 
Pro Asn 

GAA ATT 
Glu He 

GCT GGT 
Ala Gly 
295 
GCA ACC 
Ala Thr 
310 

GTA GCA 
Val Ala 

AAC TTT 
Asn Phe 

AAC TAT 
Asn Tyr 



TGG CCA ACG GTT 
Trp Pro Thr Val 
375 

AAA GCG ATT CCA 
Lys Ala He Pro 
390 

CGT GGG GTG ATT 
Arg Gly Val He 



(14) 

ACA TTT GAA 
Thr Phe Glu 

GAT CAT CAG 
Asp His Gin 
170 

TAT ACG ATT 
Tyr Thr He 

185 
CCG AAT CAG 
Pro Asn Gin 
200 

GAC TAC CAT 
Asp Tyr His 

AGT GTA CCT 
Ser Val Pro 

TAC ACT TTA 
Tyr Thr Leu 
250 

GGA AAG CTT 
Gly Lys Leu 

265 
AAC CTT GTA 
Asn Leu Val 
280 

TAT AAA GAT 
Tyr Lys Asp 

AAT AAA TCA 
Asn Lys Ser 

ACA GGT GTT 
Thr Gly Val 
330 

GTG CCG CCT 
Val Pro Pro 

345 
AAT GAC CCT 
Asn Asp Pro 
360 

GCA CCG TCA 
Ala Pro Ser 

GGG TGG GAA 
Gly Trp Glu 

TTC CGT ATT 
Phe Arg He 



AAG CCT ATT 
Lys Pro He 
155 

TCT GGT CGT 
Ser Gly Arg 

GGT GAC CAA 
Gly Asp Gin 

GCA CAG CAT 
Ala Gin His 
205 

ACA TAT ATG 
Thr Tyr Met 

220 
AAA GAC AAC 
Lys Asp Asn 
235 

GGG CAC CGT 
Gly His Arg 

TTA CAA TCT 
Leu Gin Ser 

TTA AAA GGT 
Leu Lys Gly 
285 

GAC AGT GGT 
Asp Ser Gly 

300 
CAA ATT AAA 
Gin He Lys 
315 

CCT GTG ACT 
Pro Val Thr 

TTG AAA ACT 
Leu Lys Thr 

ACT TGT GGT 
Thr Cys Gly 
365 

TCA GCA TAT 
Ser Ala Tyr 

380 
AAT ACA TTA 
Asn Thr Leu 
395 

AAA TTG GAC 
Lys Leu Asp 



GAT TTG ATT 
Asp Leu He 
160 

CTC GTT ATT 
Leu Val He 

175 
GGT CGT AAT 
Gly Arg Asn 
190 

ACT CCG ACT 
Thr Pro Thr 

GGT AAA GTA 
Gly Lys Val 

CCA AGC TTT 
Pro Ser Phe 
240 

AAT CCA CAA 
Asn Pro Gin 

255 
GAG CAA GGA 
Glu Gin Gly 
270 

GGT AAC TAT 
Gly Asn Tyr 

TAT GCC TAT 
Tyr Ala Tyr 



WHPF 1 1 -2 4 3 9 4 9 
26 

480 



528 



576 



624 



672 



720 



768 



816 



864 



912 



960 



GAT TTA GCT 
Asp Leu Ala ' 
320 

AAA GAG TCT 1008 
Lys Glu Ser 
335 

TTA TAT ACG 1056 
Leu Tyr Thr 
350 

GAG ATG GCA 1104 
Glu Met Ala 

GTA TAT ACG 1152 
Val Tyr Thr 

TTG GTC CCA 1200 
Leu Val Pro 
400 

CCG ACA TAT 1248 
Pro Thr Tyr 



(15) #lf 1 1 -2 4 3 9 4 9 

27 28 





405 




410 






415 






AGC 


ACG ACT TTG GAT GAT GCT ATC 


CCA 


ATG 


TTT 


AAA 


AGC AAT AAC 


CGT 


1296 


Ser 


Thr Thr Leu Asp Asp Ala lie 


Pro 


Met 


Phe 


Lys 


Ser Asn Asn 


Arg 






420 


425 








430 






TAT 


CGT GAT GTC ATC GCT AGT CCA 


GAA 


GGT 


AAT 


ACC 


TTA TAT GTG 


CTG 


1344 


Tyr 


Arg Asp Val He Ala Ser Pro 


Glu 


Gly 


Asn 


Thr 


Leu Tyr Val 


Leu 






435 440 










445 






ACT 


GAT ACA GCG GGG AAT GTA CAA 


AAA 


GAT 


GAT 


GGT 


TCT GTC ACT 


CAT 


1392 


Thr 


Asp Thr Ala Gly Asn Val Gin 


Lys 


Asp 


Asp 


Gly 


Ser Val Thr 


His 






450 455 








460 








ACT 


TTA GAG AAT CCC GGT TCT CTC 


ATT 


AAA 


TTT 


ACA 


TAT AAC GGT 


AAG 


1440 


Thr 


Leu Glu Asn Pro Gly Ser Leu 


He 


Lys 


Phe 


Thr 


Tyr Asn Gly 


Lys 




465 


470 






475 






480 




TAA 
















1443 


: 3 



















fi?ij£>ficT : 4 8 0 : (Acinetobacte 

Wffi\<DM : r baumannii ) 

mm 

Met Asn Lys His Leu Leu Ala Lys lie Thr 
1 5 10 

Leu Phe Thr Phe His Thr Ala Phe Ala Asp 

20 25 
Gin Phe Ala Lys Ala Lys Thr Glu Asn Phe 

35 40 
Ser Asn Leu Asn Lys Pro His Ala Leu Leu 

50 55 
He Trp Leu Thr Glu Arg Ala Thr Gly Lys 
65 70 
Val Ser Gly Ser Ala Lys Thr Val Phe Gin 
85 90 
Asp Ala Asp Gly Gin Asn Gly Leu Leu Gly 

100 105 
Phe Lys His Asn Pro Tyr lie Tyr He Ser 

115 120 
Lys Ser Thr Asp Lys Glu Leu Pro Asn Gin 

130 135 
Thr Tyr Asn Lys Thr Thr Asp Thr Phe Glu 
145 150 
Ala Gly Leu Pro Ser Ser Lys Asp His Gin 
165 170 
Gly Pro Asp Gin Lys He Tyr Tyr Thr lie 

180 185 
Gin Leu Ala Tyr Leu Phe Leu Ser Asn Gin 

195 200 
Gin Gin Glu Leu Asn Ser Lys Asp Tyr His 

210 215 220 

Leu Arg Leu Asn Leu Asp Gly Ser He Pro Lys Asp Asn Pro Ser Phe 
225 230 235 240 



: J 


CM6 8 


4 1 




Leu 


Leu 


Gly 


Ala Ala 


Gin 








15 




He 


Pro 


Leu 


Thr Pro 


Ala 








30 




Asp 


Lys 


Lys 


Val He 


Leu 






45 






Trp 


Gly 


Pro 


Asp Asn 


Gin 




60 








He 


Leu 


Arg 


Val Asn 


Pro 


75 








80 


Val 


Pro 


Glu 


He Val 


Ser 








95 




Phe 


Ala 


Phe 


His Pro 


Asp 








110 




Gly 


Thr 


Phe 


Lys Asn 


Pro 






125 






Thr 


lie 


He 


Arg Arg 


Tyr 




140 








Lys 


Pro 


He 


Asp Leu 


He 


155 








160 


Ser 


Gly 


Arg 


Leu Val 


He 








175 




Gly 


Asp 


Gin 


Gly Arg 


Asn 








190 




Ala 


Gin 


His 


Thr Pro 


Thr 






205 






Thr 


Tyr 


Met 


Gly Lys 


Val 



(26) f#HPF 1 1 -2 4 3 9 4 9 

29 30 
Asn Gly Val Val Ser His He Tyr Thr Leu Gly His Arg Asn Pro Gin 

245 250 255 

Gly Leu Ala Phe Ala Pro Asn Gly Lys Leu Leu Gin Ser Glu Gin Gly 

260 265 270 

Pro Asn Ser Asp Asp Glu He Asn Leu Val Leu Lys Gly Gly Asn Tyr 

275 280 285 

Gly Trp Pro Asn Val Ala Gly Tyr Lys Asp Asp Ser Gly Tyr Ala Tyr 

290 295 300 

Ala Asn Tyr Ser Ala Ala Thr Asn Lys Ser Gin He Lys Asp Leu Ala 
305 310 315 320 

Gin Asn Gly lie Lys Val Ala Thr Gly Val Pro Val Thr Lys Glu Ser 

325 330 335 

Glu Trp Thr Gly Lys Asn Phe Val Pro Pro Leu Lys Thr Leu Tyr Thr 

340 345 350 

Val Gin Asp Thr Tyr Asn Tyr Asn Asp Pro Thr Cys Gly Glu Met Ala 

355 360 365 

Tyr lie Cys Trp Pro Thr Val Ala Pro Ser Ser Ala Tyr Val Tyr Thr 

370 375 380 

Gly Gly Lys Lys Ala lie Pro Gly Trp Glu Asn Thr Leu Leu Val Pro 
385 390 395 400 

Ser Leu Lys Arg Gly Val He Phe Arg lie Lys Leu Asp Pro Thr Tyr 

405 410 415 

Ser Thr Thr Leu Asp Asp Ala lie Pro Met Phe Lys Ser Asn Asn Arg 

420 425 430 

Tyr Arg Asp Val He Ala Ser Pro Glu Gly Asn Thr Leu Tyr Val Leu 

435 440 445 

Thr Asp Thr Ala Gly Asn Val Gin Lys Asp Asp Gly Ser Val Thr His 

450 455 460 

Thr Leu Glu Asn Pro Gly Ser Leu He Lys Phe Thr Tyr Asn Gly Lys 
465 470 475 480 

[0 0 8 8] E5IJ#f§ : 4 *mM 

: 1 4 4 3 4** : Tis^h'^Z- • /ty?y=. (Acinetobacte 

Wfrl<DM:#M r baumannii ) 

mm 



20 



35 40 



50 55 







: J 


CM6 8 


4 1 






ATC 


ACT 


CTT 


TTA 


GGT 


GCT GCA 


CAA 


48 


He 


Thr 


Leu 


Leu 


Gly 


Ala Ala 


Gin 






10 








15 






GCA 


GAT 


ATA 


CCT 


CTG 


ACA CCT 


GCT 


96 


Ala 


Asp 


He 


Pro 


Leu 


Thr Pro 


Ala 




25 










30 






AAT 


TTT 


GAT 


AAA 


AAA 


GTG ATT 


CTG 


144 


Asn 


Phe 


Asp 


Lys 


Lys 


Val He 


Leu 












45 








TTG 


TTA 


TGG 


GGG 


CCA 


GAT AAT 


CAA 


192 


Leu 


Leu 


Trp 


Gly 


Pro 


Asp Asn 


Gin 










60 










GGC 


AAA 


ATT 


TTA 


AGA 


GTA AAT 


CCT 


240 


Gly 


Lys 


He 


Leu 


Arg 


Val Asn 


Pro 





(17) tfHPFl 1 -2 4 3 9 4 9 

31 32 
65 70 75 80 

GTA TCT GGT AGC GCG AAA ACA GTA TTT CAG GTT CCT GAA ATT GTG AGT 288 
Val Ser Gly Ser Ala Lys Thr Val Phe Gin Val Pro Glu He Val Ser 

85 90 95 

GAT GCT GAT GGG CAA AAt GGT TTG TTA GGT TTT GCT TTT CAT CCT GAC 336 
Asp Ala Asp Gly Gin Asn Gly Leu Leu Gly Phe Ala Phe His Pro Asp 

100 105 110 

TTT AAA CAT AAC CCT TAT ATC TAT ATT TCA GGC ACT TTT AAA AAT CCA 384 
Phe Lys His Asn Pro Tyr He Tyr He Ser Gly Thr Phe Lys Asn Pro 

115 120 125 

AAA TCT ACA GAT AAA GAG TTA CCT AAT CAG ACA ATT ATT CGT AGA TAT 432 
Lys Ser Thr Asp Lys Glu Leu Pro Asn Gin Thr lie He Arg Arg Tyr 

130 135 140 

ACC TAT AAT AAA ACT ACA GAT ACA TTT GAA AAG CCT ATT GAT TTG ATT 480 
Thr Tyr Asn Lys Thr Thr Asp Thr Phe Glu Lys Pro lie Asp Leu lie 
145 150 155 160 

GCA GGT TTA CCG TCA TCA AAA GAT CAT CAG TCT GGT CGT.CTC GTT ATT 528 
Ala Gly Leu Pro Ser Ser Lys Asp His Gin Ser Gly Arg Leu Val He 

165 170 175 

GGT CCA GAC CAA AAA ATC TAC TAT ACG ATT GGT GAC CAA GGT CGT AAT 576 
Gly Pro Asp Gin Lys He Tyr Tyr Thr He Gly Asp Gin Gly Arg Asn 

180 185 190 

CAG TTA GCT TAT CTA TTC TTA TCG AAT CAG GCA CAG CAT ACT CCG ACT 624 
Gin Leu Ala Tyr Leu Phe Leu Ser Asn Gin Ala Gin His Thr Pro Thr 

195 200 205 

CAG CAA GAG CTC AAT AGT AAA GAC TAC CAT ACA TAT ATG GGT AAA GTA 672 
Gin Gin Glu Leu Asn Ser Lys Asp Tyr His Thr Tyr Met Gly Lys Val 

210 215 220 

TTA CGC TTA AAT CTG GAC GGC AGT ATA CCT AAA GAC AAC CCA AGC TTT 720 
Leu Arg Leu Asn Leu Asp Gly Ser He Pro Lys Asp Asn Pro Ser Phe 
225 230 235 240 

AAC GGC GTA GTG AGT CAT ATC TAC ACT TTA GGG CAC CGT AAT CCA CAA 768 
Asn Gly Val Val Ser His He Tyr Thr Leu Gly His Arg Asn Pro Gin 

245 250 255 

GGT TTA GCA TTT GCC CCA AAT GGA AAG CTT TTA CAA TCT GAG CAA GGG 816 
Gly Leu Ala Phe Ala Pro Asn Gly Lys Leu Leu Gin Ser Glu Gin Gly 

260 265 270 

CCA AAT TCT GAT GAT GAA ATT AAC CTT GTA TTA AAA GGT GGT AAC TAT 864 
Pro Asn Ser Asp Asp Glu He Asn Leu Val Leu Lys Gly Gly Asn Tyr 

275 280 285 

GGC TGG CCA AAT GTA GCT GGT TAT AAA GAT GAC AGT GGT TAT GCC TAT 912 
Gly Trp Pro Asn Val Ala Gly Tyr Lys Asp Asp Ser Gly Tyr Ala Tyr 

290 295 * 300 

GCA AAC TAT TCG GCA GCA ACC AAT AAA TCA CAA ATT AAA GAT TTA GCT 960 
Ala Asn Tyr Ser Ala Ala Thr Asn Lys Ser Gin lie Lys Asp Leu Ala 
305 310 315 320 

CAA AAC GGG ATA AAA GTA GCA ACA GGT GTT CCT GTG ACT AAA GAG TCT 1008 
Gin Asn Gly He Lys Val Ala Thr Gly Val Pro Val Thr Lys Glu Ser 

325 330 335 

GAA TGG ACT GGT AAA AAC TTT GTG CCA CCT TTG AAA ACT TTA TAT ACG 1056 
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Glu Trp Thr 

GTA CAA GAT 
Val Gin Asp 
355 

TAT ATT TGC 
Tyr lie Cys 

370 
GGA GGC AAA 
Gly Gly Lys 
385 

TCT TTA AAA 
Ser Leu Lys 

AGC ACG ACT 
Ser Thr Thr 

TAT CGT GAT 
Tyr Arg Asp 
435 

ACT GAT ACA 
Thr Asp Thr 

450 
ACT TTA GAG 
Thr Leu Glu 
465 
TAA 



Gly Lys Asn Phe 
340 

ACC TAT 
Thr Tyr 



AAC TAT 
Asn Tyr 



TGG CCA 
Trp Pro 

AAA GCG 
Lys Ala 

CGT GGG 
Arg Gly 
405 
TTG GAT 
Leu Asp 
420 

GTC ATC 
Val He 

GCG GGA 
Ala Gly 

AAT CCC 
Asn Pro 



ACG GTT 
Thr Val 
375 
ATT CCA 
He Pro 
390 

GTG ATT 
Val He 

GAT GCT 
Asp Ala 

GCT AGT 
Ala Ser 

AAT GTA 
Asn Val 
455 
GGT TCT 
Gly Ser 
470 



(18) 

Val Pro Pro Leu Lys Thr 
345 

AAT GAC CCT ACT 
Asn Asp Pro Thr 
360 

GCA CCG TCA TCG 
Ala Pro Ser Ser 
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GGG TGG 
Gly Trp 

TTC CGT 
Phe Arg 

ATC CCA 
He Pro 
425 
CCA GAA 
Pro Glu 
440 

CAA AAA 
Gin Lys 

CTC ATT 
Leu He 



GAA AAT 
Glu Asn 
395 
ATT AAA 
He Lys 
410 

ATG TTT 
Met Phe 

GGT AAT 
Gly Asn 

GAT GAT 
Asp Asp 

AAA TTT 
Lys Phe 
475 



TGT GGT 
Cys Gly 
365 
GCA TAT 
Ala Tyr 
380 

ACA TTA 
Thr Leu 

TTG GAC 
Leu Asp 

AAA AGC 
Lys Ser 

ACC TTA 
Thr Leu 
445 
GGT TCA 
Gly Ser 
460 

ACA TAT 
Thr Tyr 



Leu Tyr Thr 
350 

GAG ATG GCA 1104 
Glu Met Ala 

GTA TAT ACG 1152 
Val Tyr Thr 

TTG GTC CCA 1200 
Leu Val Pro 
400 

CCG ACA TAT 1248 
Pro Thr Tyr 
415 

AAT AAC CGT 1296 
Asn Asn Arg 
430 

TAT GTG CTG 1344 
Tyr Val Leu 

GTC ACT CAT 1392 
Val Thr His 

AAC GGT AAG 1440 
Asn Gly Lys 
480 

1443 
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